Tea prepared from leaves of Eugenia brasiliensis has been used as a folk medicine in Brazil to alleviate inflammation and pain. In this study, tea and methanolic extract inhibited cyclooxygenase (COX-1 and -2) enzymes and lipid peroxidation (LPO). Therefore, bioassay-guided purification of methanolic extract was carried out and afforded a new lignan (aR,8S,8'R-7,8,7',8'-tetrahydro-8,8'-dimethyl-3,3'-dimethoxy-4,4'-dihydroxy-dibenzocyclooctadiene) and three known C-methylated flavonoids (stropopinin; demethoxymatteucinol; myrigalone G). All isolates at 37.5 µg/mL inhibited COX enzymes, similar to aspirin and ibuprofen used as controls at 108 and 12 µg/mL, respectively. Most of the isolates also showed strong LPO inhibition at 5µg/mL.
The Myrtaceae family consists of 129 genera and more than 4500 species. Eugenia is one of the largest Myrtaceae genus comprising more than 500 species, with around 400 species found in Brazil. Eugenia brasiliensis Lam. is originally found in the south of Brazil and popular as grumixama or Brazilian cherry. Three varieties of this plant are classified according to their fruit color, purple, red, or yellowish/white fruits [1] [2] [3] [4] . In folk medicine, tea prepared from leaves of E. brasiliensis Lam. has been used for the treatment of arthritic pain whereas the infusion of its leaves consumed as a diuretic [1] .
Few reports are in the literature on E. brasiliensis addressing the chemical profile and essential oil composition of its leaves as well as varietal difference with respect to chemical constituents. Fischer et al. analyzed two varieties of E. brasiliensis collected in Jaboticabal and Martinho Prado, spotted at the Brazilian Cerrado biome region [5] .
Leaves from the specimen collected in Jaboticabal showed β-selinene as the major compound, whereas the specimen from Martinho Prado showed α-selinene as the major constituent along with high amounts of α-and β-pinene. The essential oil compositions from leaves of purple and yellow varieties have also been investigated and evidenced the same monoterpenes (α-pinene, β-pinene, and 1,8-cineol) as major components in both varieties [4] . On the other hand, specimens from the purple variety showed higher content of oxygenated sesquiterpenes, caryophyllene oxide and α-cadinol in its essential oil when compared to the yellow variety. Additional work on the leaves of E. brasiliensis resulted in oxygenated sesquiterpenes as spathulenol, δ-cadinol, viridiflorol, α-cadinol, and 1-epi-cubenol, and monoterpenes 1,8-cineole and α-pinene as major constituents of its essential oil as well as its strong antibacterial activity against Staphylococcus aureus [6] . Nonvolatile extracts of its leaves have 
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also been investigated and found to contain as major compounds ursolic acid [7] , α-amyrin, β-amyrin, betulin, 29-hydroxy-oleanolic acid, quercetin, catechin, and gallocatechin [8] . Gallic acid and (-)-epicathechin was found in its leaf, seed and pulp [9] .
The aim of this work was to investigate the antioxidant and antiinflammatory potential of the hot-water extract (tea) from the matured leaves of E. brasiliensis used in traditional medicine and isolated compounds.
In our study, hot water (tea) extract and methanolic extract of the residue from the tea of E. brasiliensis leaves were investigated for antioxidant and antiinflammatory activities using lipid peroxidation (LPO) [10, 11] and cyclooxygenase enzymes (COX-1 and -2) inhibitory assays, respectively [11, 12] . Preliminary TLC of water and methanolic extracts showed similar profiles. Therefore, analyses. In addition, three C-methylated flavonoids stropopinin (5,7-dihydroxy-6-methyl-flavanone) (2) [13, 14] , dimethoxymatteucinol (5,7-dihydroxy-6,8-dimethyl-flavanone) (3) [15, 16] and myrigalone G (2',6'-dihydroxy-4'-methoxy-3'-methyldihydrochalcone (4) [17, 18] were characterized by comparison of 1 H-and 13 C-NMR spectral data with published data. Structures of all pure isolates are shown in Figure 1 . . HOMODEC and NOESY experiments were used to determine the relative configuration of C-8 and C-8' stereocenters. The HOMODEC experiment showed interactions between H-8' and H-7a, H-7b and H-9', in addition to interactions between H-8 and H-7a, H-7b. The NOESY-1D experiment evidenced interactions of H-9 with H-9', and of H-9' with H-9 and H-2'. These results were consistent with a twist boat/chair conformation having C-8 (S) and C-8' (R) absolute configurations [19] . Based on literature data [19] , signals for methoxy groups at δ C 55-56, indicated their position at C-3 and C-3', whereas signals for methoxy groups at δ C 60.6, suggested their position at C-4, C-4', C-5, or C-5' in its structure. Therefore, the observed signals at δ C 56.5 and 56.6 were assigned to two methoxy groups at C-3 and C-3' [19] . The signal at δ C 22 was assigned to the equatorial methyl whereas the shielded signal at δ C 12.7 to the axial methyl at C-8' due to the anisotropic effect of the aromatic ring [20] . This suggested an R configuration to the biphenyl moiety in its molecule.
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The circular dichroism analysis (CD) showed a negative Cotton effect at 225 nm and positive Cotton effect at 250 nm, which indicated the R-biphenyl configuration [21] . Thus compound 1 was confirmed as aR,
The extracts and compounds 1-4 were tested in vitro for their antioxidant activity using lipid peroxidation (LPO) inhibitory assay [10, 11] . An iron-catalyzed liposome model system determined the inhibition of oxidation of large unilamellar vesicles (LUV's) and measured by fluorescence spectroscopy. The hot water (tea) and methanolic extracts at 100 μg/mL showed LPO inhibition of 66% and 54%, respectively. Due to poor solubility, compounds 1-4 tested at 5 g/mL showed LPO inhibition of 53%, 68%, 27% and The anti-inflammatory activity was tested for the extracts and compounds 1-4 using cyclooxygenase (COX-1 and -2) enzymes inhibitory assays. The inhibition of COX-1 enzyme by water and methanolic extracts at 100 μg/mL was moderate, whereas the COX-2 enzyme was inhibited by 41% and 42 %, respectively. The inhibition of COX-1 enzyme by the isolated compounds 1-4 at 12.5 g/mL was 32, 37, 45 and 47% respectively, whereas the inhibition of COX-2 enzyme was 33, 35, 34 and 31% (Figure 3) . At 25 g/mL, compounds 1-4 showed 47, 46, 60 and 61% inhibition, respectively, of COX-1 enzyme, and 36, 52, 48 and 44% inhibition of COX-2 enzyme. At 37.5 g/mL, compounds 1-4 inhibited COX- Although previous reports on antioxidant and anti-inflammatory activities of extract from E. brasiliensis exist, the antioxidant and anti-inflammatory assays conducted in this study were different from used by Infante et al. [9] . In conclusion, the methanolic extract afforded about 35, 12, 11 and 11 µg of compounds 1 -4, respectively, per gram dried plant material. Although we did not quantify the yield of COX inhibitory compounds in hot water extract, it showed similar TLC profile for COX inhibitory compounds in the methanolic extract. The yield of water extract was also considerably higher than the methanolic extract, which might account for a higher dose of these bioactive compounds in the tea prepared from the leaves of E. brasiliensis. Therefore, our results are in accordance to anecdotal claim suggesting that tea prepared from E. brasiliensis leaves has the potential to treat inflammatory diseases [1] . . ESIMS spectra were recorded on a Bruker micrOTOF-Q II™ ESI-Qq-TOF mass spectrometer. Circular dichroism spectrum was recorded on a Circular Dichroism Spectrometer Jasco J-815 (Jasco, Inc. Easton, MD, USA). Positive controls used in antiinflammatory assay were nonsteroidal drugs Aspirin, naproxen and ibuprofen (Sigma-Aldrich Chemical Co., St. Louis, MO, USA), and Celeberex TM capsules tablets donated by physician professional sample. The t-butyl hydroquinone (TBHQ), butylated hydroxyanisole (BHA) and butylated hydroxytoluene (BHT) were used in the antioxidant assays as positive controls (Sigma Chemical Co., Saint Louis, MO). Cyclooxygenase (COX-1 and -2) enzymes were prepared in our laboratory from ram seminal vesicles purchased from Oxford Biomedical Research, Inc. (Oxford Biomedical Research, Inc., Oxford, MI, USA) and insect cells cloned with human PGHS-2 enzyme, respectively. Arachidonic acid was purchased from Oxford Biomedical Research, Inc. All enzymes and reagents were stored in the Bioactive Natural Products and Phytoceuticals Laboratory at Michigan State University (East Lansing, MI, USA). COX assays were performed in a micro oxygen chamber with oxygen electrode (Instech Laboratories, Plymouth Meeting, PA, USA) attached to an YSI model 5300 biological oxygen monitor (Yellow Springs Instrument, Inc., Yellow Springs, OH, USA). For Lipid Peroxidation (LPO) assay, the fluorescence of the test solution was measured on Turner model 450 Fluorometer (Barnstead Thermolyne Corporation, Dubuque, IA, USA).
Plant Material: Leaves of Eugenia brasiliensis were collected in Araraquara, Sao Paulo State, Brazil -21º48'22.7'' Lat. S and 48º11'31.9'' Log. W, in July 2012 in the morning and a voucher specimen (SP 454124) was deposited in the Herbarium "Maria Eneida Kauffmann" of the Botanic Institute -SP (Brazil).
Extraction and Isolation:
Dried and ground leaves of E. brasiliensis (200g) were stirred with boiled water (2L, 75 min, 2x). The mixture was then filtered and centrifuged, and the supernatant was lyophilized to yield a powdered water extract (WE 46.2 g). The residue from the water extraction was then extracted with methanol (1.5 L, 6 h, 6x) and the resulting combined methanolic extract was centrifuged. The supernatant was concentrated at reduced pressure (35 ºC) and lyophilized to yield methanolic fraction A (MEA, 20.1 g), and the precipitate was dried under vacuum to yield methanolic fraction B (MEB, 16.5 g). The WE showed identical TLC profile to MEA and hence kept aside. MEB selected for further study was primarily due to lesser amount of water-soluble compounds.
MEB (4 g) was extracted sequentially with hexane (20 mL, 20 minutes, 3x), EtOAc (20 mL, 20 minutes, 3x) and MeOH (20 mL, 20 minutes, 3x). The supernatants were centrifuged separately and concentrated at reduced pressure (35 ºC) to yield hexane (420 mg), ethyl acetate (2.58 g) and methanolic (740 mg) fractions, respectively. The hexane and ethyl acetate fractions were combined based on similar TLC profiles. An aliquot (1.9 g) of this combined fraction was subjected to a silica gel medium pressure liquid chromatography (MPLC) column and eluted with CHCl 3 -EtOAc 
Lipid Peroxidation Inhibitory (LPO) Assay:
The extract (100 μg/mL), compounds (5 μg/mL) and positive controls (BHA, BHT and TBHQ at 1.802, 2.204 and 1.662 µg/mL, respectively) were tested for LPO inhibitory activities according to the reported procedure [10, 11] . Each sample was assayed in duplicate.
Cyclooxygenase Enzymes (COX-1 and -2) Inhibitory Assays: The COX-1 and -2 enzyme inhibitory effects of leaves extracts were measured following the published procedure [11, 12] . The extracts and compounds were tested at 100 µg/mL and 12.5, 25 and 37.5 980 Natural Product Communications Vol. 13 (8) 2018 Dametto et al. μg/mL, respectively. The positive controls, aspirin, ibuprofen, naproxen and Celebrex, were tested at 108, 12, 15 and 1 µg/mL, respectively. Different concentrations of positive controls were used to yield inhibitory activities between 50-100%, comparable to test samples from extracts, compounds and positive controls alike. Samples were tested in duplicate.
